Abstract-A purification procedure for rat and mouse brain histamine N-methyltransferase (HMT. EC 2.1.1.8) is described which achieves the preparation of 87-fold purified rat brain and 166-fold purified mouse brain enzyme. The purified HMT (MW 29.000) is inhibited by a number of physiologically and pharmacologically active amines. among them several methylated indoleamines. at concentrations above 5 x M. At concentrations below 1 x lo-' M. most of the methylated indoleamines stimulate HMT, provided histamine is maintained at, or close to, its optimal concentration as an HMT substrate, namely 1 x to-$ M. A study of the nature of the inhibitory process revealed a non-competitive inhibition of HMT by dopamine as against a competitive inhibition of the enzyme by most methylated indoleamines. Increasing the concentration of histamine beyond the optimal value, i.e. to inhibitory levels, resulted in less stimulation. 
2. SELLINGER. R. A. SCHATZ and W. G. OHLSSON
ICN. Cleveland, OH. S-Adenosyl-r-methionine (hydrogen sulfate) was from Boehringer Mannheim Biochemicals. Indianapolis, IN; imidazoleacetic acid HCI. a-methyl-DL-tyrosine and I-methyl-4-imidazoleacetic acid were from CalBiochem. Ldolla. CA; N.N-dimet hyl-5-hydroxytryptamine was from Aldrich Biochemicals. Milwaukee, WI and phenylethanolamine N-methyltransferase (rabbit adrenal medulla) from Miles Laboratories, Elkhart. IN. DEAE-cellulose was a product of Whatman. Inc.. Clifton. NJ: Sephadex G-100 and the protein molecular weight calibration kit were from Pharmacia. Piscataway. NJ. S-Adenosyl-~-[Me-~~C]methionine (spec.act. 4&65 mCi/mmol) was from New England Nuclear, Boston. MA or from Research Products International. Elk Grove Village. IL. PCS (phase combining system) used in liquid scintillation counting was from Amersham/Searle. Arlington Heights, 1L. All other chemicals were of the best reagent grade available.
Chromatography and relared procedures. Chromatographic procedures were carried out on columns and with accessories supplied by Pharmacia. Piscataway. NJ. Dialysis and desalting were by means of the hollow fiber device (BioRad 50) (BioRad Laboratories, Richmond, CA) and reductions of volume by means of stirred cells provided with XM-50 filters (Amicon Corp.. Lexington. MA).
Assay of histamine N-merhylrransjerase. H M T was assayed according to SNYDER & AXELROD (1965) under conditions described in a previous paper (SCHATZ & SELL- INGER. 1975a ). Authentic I-[Me-14C]methylhistamine was prepared as previously described (SCHATZ & SELLINGER, 1975a) and I x 10-5M-histamine was used as substrate. higher concentrations proving inhibitory (SCHATZ & SELL- INGER. 1975a ). The concentration of S-adenosyl-L-methionine (including S-adenosyl-~-[Me-~~C]methionine) was maintained at 3.2 x IO-'M throughout the study. The blank tubes contained no histamine. All test-substances were initially tested for interference in the H M T assay (TAYLOR & SNYDER, 1972) by adding them to the incubation mixtures either before or at the end of the incubation and then proceeding with the extraction steps. None of the substances tested was found to interfere with the quantitative extraction of 1-[Me-'4C]methylhistamine, the only detectahle reaction product (Schatz. Ashcraft & Sellinger. unpublished observations) of cerebral H M T and none was found to affect the pH of the incubation mixture.
PNMT was assayed according to DEGUCHI & BARCHAS (1971) under the precise conditions more recently described by LEW er a/. (1976) . with phenylethanolamine as substrate. The above tests for interference were repeated and found satisfactory.
Protein was determined by the method of LOWRY et a/. (1951) .
The adminisrrarion of MSO. Injections were intraperitoneal. at a dose of 0.97 mmol/kg. The animals were killed 3 h after the single dose.
The pur$carion of histarnine N-merhyltransferase from mouse and rat brain. The weighed brains were homogenized in 10 vol of 0.25 M-sucrose and the homogenate centrifuged at 80,OOOg for 30min in Beckman rotor SW-27. Solid ammonium sulfate was added to the resulting supernatant t o achieve 45% saturation (4°C) and the resulting precipitate was centrifuged off. The supernatant was brought to 80% saturation and the precipitate collected and suspended by gentle stirring in a volume of 1OmM-Na phosphate buffer (pH 7.4) containing 1 mM-DTT and approximately double the original brain weight. This solution was dialyzed for about 20h against two changes of 21 each of 1 mM-Na phosphate buffer. pH 7.4. containing 0.1 mM-DTT at 4°C. Five to ten millilitres of the dialyzed solution were introduced from the bottom onto a Pharmacia K 26/70 column previously packed with DEAE-cellulose and equilibrated with 10 mM-Na phosphate buffer, pH 7.4. containing 1 mM-DTT. After 125 ml of the equilibrating buffer, elution was begun by means of a convex gradient formed by mixing 125 ml of the equilibrating buffer with 175 ml of the same buffer containing 2 M-NaC1. The flow rate was about 1 ml/min. The effluent was continuously monitored at 280 nm. the fractions containing enzyme activity pooled, dialyzed against 2 1 of 1 mM-Na phosphate buffer. pH 7.4. containing 0.1 mM-DTT and desalted. The volume was reduced to about 5 m l which were introduced from the bottom onto a Pharmacia K 16/70 column packed with Sephadex G-100 and equilibrated with 25 mM-Na phosphate buffer. pH 7.4, containing 0.5mM-DTT. Elution was with the same buffer, also containing 0.3 M-NaCI. The fractions containing enzyme activity were pooled and stored on ice. Freezing of solutions containing H M T was avoided. as all activity was promptly lost.
Enzyme uelocity and kineric constanrs. 
RESULTS
The purification of rat and muse brain HMT The 4-step purification procedure (Tables 1 and 2 ) yielded 87-a n d 166-fold purified enzyme from rat a n d mouse brain. T h e recoveries were between 12 and 16% of the original tissue homogenate activity. Figures 1 a n d 2 s h o w the elution profiles of HMT o n DEAE-cellulose a n d o n Sephadex G-100. M o u s e HMT occasionally exhibited t w o activity peaks or a peak and a shoulder on DEAE-cellulose (see Fig. 1 SURIYACHAN & THITHAPANDHA, 1972) was no longer detectable. Gel-filtration on Sephadex G-100 of the purified enzyme against molecular weight calibration standards yielded a molecular weight of 29.000 f 1500 (range from 2 rat a n d 2 mouse experiments). The purified enzyme remained active for up t o 3 weeks a t 4°C.
Survey of eflectioe amines
Initially a series of amines were tested at several concentrations (4 x lo-' M-2.5 x M) and with both rat and mouse HMT (purified through t h e Sephadex step). The concentration of histamine was kept a t 1 x lo-' M. previously established as t h e optimal concentration (SCHATZ & SELLINGER. 1975a) a fact which was confirmed in preliminary experiments using t h e purified enzyme. Strong inhibition of HMT precipitate suspended in 10 mM-Na-phosphate buffer, pH 7.4, also containing 1 mM-DTT. the enzyme (10 ml, 12.3 mg of protein) was loaded onto a DEAE-cellulose column (see text) and eluted by means of a gradient increasing in NaCl As in (a). except that a mouse brain HMT preparation (10.3 ml, 23 mg of protein) was chromatographed. Note second peak of HMT activity, 0---0 (tubes 42-47) and also the left ordinate scale (HMT activity) is 10 times higher than in (a). The incubations were for 30min in the presence of Sephadex-purified mouse brain HMT. Each amine. whether incubated alone or as a member of a pair, was at the concentration indicated.
pletely abolished it even though the latter amine had virtually no effect on HMT when tested alone.
Eflecr of modulator and histamine concentrations
In an effort to extend the above observations HMT The action 01 methylated indoleamines on adrenal
phenylethanolamine-N-methyltransferme
Several methylated indoleamines were also tested with rabbit adrenal PNMT. In these experiments the concentration of phenylethanolamine was varied over Several experiments were carried out in which mice or rats were pretreated for 3 h with a convulsant dose of MSO (0.97 mmol/kg) and HMT was then purified through the Sephadex step to be compared to the control enzyme purified in parallel. Control and MSO-HMT were incubated over a 10-fold range of histamine concentrations in the presence of 7 x lo-' M-N,N-dimethyltryptamine (a stirnulatory concentration, see Figs. 3 and 5) as well as over a 100-fold range of N,N-dimethyltryptamine concentrations at 1 x 1O-'M and 1.25 x 10-6~-histamine. These studies revealed that MSO-HMT was also stimulated by N,Ndimethyltryptamine at close to saturating concentrations of histamine and that the control and the MSO-HMT exhibited closely similar K i values for N,N-dimethyltryptamine (ca. 7 x lo-' M) when determined at 1 x lo-' M-histamine. The contents of a vial of rabbit adrenal PNMT (14mg) as supplied, were dissolved in one ml of distilled water and 0.05ml used per assay. Incubations were at 37°C for 30min. The remainder of the enzymic determination was as described by DEGUCHI & BARCHAS (1971) .
